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NITRATE CONTAMINATION OF GROUNDWATER




Nitrate concentrations in the groundwater in southern
Runnels County, Texas, ranged from less than o®s mg/l to 3,580
mg/lo Only ten percent of the water samples analyzed contained
less than the U® S® Public Health Service recommended limit for
nitrate in drinking water (45 mg/l)® The major sources of ni-
trate contamination are soils beneath or near barnyards or
septic tanks® Average total nitrate concentration in barnyard
soils was 26,000 pounds of nitrate per 15 acre-feet, whereas
the average total nitrate concentration in cultivated
fields and pastures was 4,100 lb® / 15 acre-feet and 3,900
lb® NO
3
/ 15 acre-feet, respectively®
Nitrates appear to be added to the groundwater by two
mechanisms® First, large volumes of water from cattle excre-
ment can enter the aquifers by easy drainage down poorly cased
water wells® Second, extensive terracing has caused an appre-
ciable rise in the potentiometric surface with subsequent dis-
solution of nitrate caliches from the soils by groundwater®
Groundwater flow is restricted to solution cavities
and fractures in the limestoneso Aquifer tests indicate
iv
transmissivities on the order of 10,000 gpd/ft, and coeffi-
_ 5
cients of storage on the order of 10 . Numerous poorly
cased water wells, unplugged seismic shot holes and abandoned
oil wells have interconnected the thin limestone aquifers and
have permitted extensive contamination of the aquifer system.
Early improvement of future groundwater quality can-
not be expected because of the vast quantities of nitrate
still in the barnyard soils* Water importation or desalina-
tion may prove economically feasible for human consumption,
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INTRODUCTION
Objectives and Method of Investigation
The objectives of this investigation were to deter-
mine the groundwater hydrology, to delineate the extent of
nitrate contamination and to define the possible sources of
nitrate in southern Runnels County.
During the summer of 1970 the following types of well
data were collected from the farm owners in southern Runnels
County; depth of water table, total depth of well, depth of
water-bearing strata, well construction, type of pump, kind
and quantity of livestock in area, distance and direction
from livestock pen or septic tank, and history of oil explo-
ration in the area. Some 128 water samples were collected
and analyzed by the U. S. Public Health Service for;
Ca, Mg,
dissolved solids* Seven samples were analyzed by the U* S*
Department of Interior for organic carbon. Plate lis an in-
dex map showing the locations of the water wells. Two aqui-
fer tests were run to determine the permeability and the
coefficient of storage of the limestone aquifers.
The summer of 1971 was spent determining the sources
of the nitrates*, Forty-seven soils were cored and analyzed
for nitrate and chloride* Barnyards, septic tank drainage
fields, cultivated fields, pastures, mesquite thickets, seeps,
1
2and river terrace deposits were all cored.
Health Aspects of Nitrates
Nitrate in groundwater is a pollutant because of its
detrimental health effects. Methemoglobinemia (infant cyano-
sis or cattle cyanosis) is the only nitrate illness that has
been adequately studied.
Methemoglobinemia, the conversion of hemoglobin to
methemoglobin in the blood, causes cell asphyxiation. The
difference between hemoglobin and methomoglobin is the oxida-
tion state of the iron. Iron in hemoglobin is in the ferrous
state, whereas iron in methemoglobin is in the ferric state.
Oxygen in the blood is carried by the iron cation. In the
hemoglobin molecule, oxygen is easily released from the fer-
rous iron for cell respiration. In the methemoglobin mole-
cule, oxygen is held tightly by the ferric iron. Oxygen re-
lease is prevented and cell respiration is eliminated (Winton,
1970) .
Nitrites, not nitrates, cause methemoglobinemia. For
methemoglobinemia to occur, there must be a conversion of ni-
trate to nitrite in the gastrointestinal tract. Because of
this necessary conversion not all animals are susceptible to
nitrate poisoning. Sheep, cattle, horses, pigs and the young
of most mammals, including human infants, are susceptible.
In human infants the necessary conditions for infant
3cyanosis are low gastric acidity and immature enzyme and hemo-
globin development. Methemoglobinemia occurs predominantly
in babies less than eight weeks old. Their gastro-intestinal
system is a suitable environment for nitrate-reducing bac-
teria, which exist only within a pH range of 5 to 7. A few
months after birth a child*s stomach becomes more acidic, in
the pH range of 2 to 5> and the nitrate-reducing bacteria are
destroyed. This change in acidity does not occur in pigs,
cattle or sheep; thus these mammals are susceptible to methe-
moglobinemia regardless of age.
Susceptibility to nitrate poisoning has also been cor-
related to infants* hemoglobin type and lack of necessary en-
zymes* A child is born with 80 percent fetal hemoglobin
(hemoglobin F), but within three to four months a child con-
verts most of the hemoglobin F to adult hemoglobin (hemoglobin
A)* Hemoglobin F is more easily oxidized to methemoglobin
than hemoglobin A* Methemoglobin is converted back to hemo-
globin by the enzyme diaphorase. This enzyme does not com-
pletely develop in an infant until three or four months after
birth (Winton, 1970).
Other physiological effects, besides clinical methe-
moglobinemia, are caused by nitrates* Gruener and Shuval
(1970) have shown that continual ingestion of low nitrate con-
centrations cause chronic subclinical methemoglobinemia*
Lijinsky and Epstein (1970), Alam jet _al. (1971), and Asahina
4et al. (1971) suggested that some forms of human cancer may
be caused by nitrosamines formed from nitrite and certain
amines in cooked food. Livestock develop thyroid problems,
rickets, enteritis, arthritis and general poor health from
ingesting nitrates (Case, 1970).
The safe level of nitrate in drinking water has not
been adequately determined. The United States Public Health
Service (Department of Health Education and Welfare) (1962)
has set 45 mg/l as the maximum level of nitrates in public
drinking water. Other nations have set maximum nitrate levels
from 0.5 mg/l to 228 mg/l with no general agreement (Gruener
and Shuval, 1970, p. 92). These limits, at best, are based on
clinical records of methemoglobinemia in infants. Further re-
search needs to be done on chronic methemoglobinemia, nitrate-
induced cancer, and the suitable nitrate concentration limits
for these illnesses.
Previous Investigations in Runnels County
The deaths of several cattle in Runnels County in July
of 1968 prompted a Texas Water Quality Board study (Report of
March 31, 1969) which concluded that the cattle died of ni-
trate poisoning. On June 23, 1969, another herd of cattle
died of nitrate poisoning. As a result of these deaths field
investigations were conducted by the Texas Water Development
Board. C. T. Parker, Jr., the Runnels County Agent, collected
5850 water samples which were analyzed for nitrate by the Texas
A and M University Extension Laboratories in Lubbock. The re-
sults showed an erratic distribution of nitrate concentrations
as high as 2,310 milligrams per liter (mg/l) (Beffort, 1969)*
The Texas Board of Water Engineers conducted a recon-
naissance study of salt water contamination by oil field oper-
ations in Runnels County (Shamburger, 1959) • The Texas Rail-
road Commission also studied the salt water contamination
problem in 1968 (Beffort, 1969)• Both studies concluded that
the oil industry was partially responsible for the high chlo-
ride concentrations in the groundwater. Neither of these
studies included analyses for nitrate.
Agriculture, Culture and History
The economy of Runnels County is based on the produc-
tion of cattle, hogs, sheep, chickens, wheat, sorghum and
cotton* In 1970 there were 50,000 cattle, 3,600 hogs and
66,000 sheep on the farms, and 27,500 bales of cotton, 513,000
bushels of "wheat and 1,672,800 bushels of sorghum were har-
vested* The total agriculture production was worth 12 million
dollars (Texas Department of Agriculture, 1971). In the south
ern part of the county cattle are kept both in barnyards and
pastures for extended periods* Hogs are always confined to
pens* There is minimal use of fertilizer and irrigation*
The population is 95 percent rural, with fewer than a
6thousand people in the hamlets of Rowena and Miles. The pop-
ulation has greatly decreased during the past thirty years.
In the 1930 f s there was an average of one farm per forty
acres. Today, there are only a few farms per square mile.
The water supply for the southern part of the county
is groundwater, surface water and bottled water. Rowena ob-
tains the only surface water in the southern part of the
county from Lake Ballinger* There are no sewage disposal sys-
tems other than septic tanks, cesspools or outhouses.
The county was settled initially in the 1840*3, when
the land was grazed equally by cattle and buffalo. At the
turn of the century farmers from eastern Europe settled. As
late as 1930 cattle drives followed a branch of the Chisolm
Trail through the southern part of the county. Cattle were
driven to railheads in San Angelo and Abilene, Texas*
Location and Climate
Runnels County is in west-central Texas, 30 miles
east of San Angelo and 30 miles north of Eden (fig. l) . Total
area of the county is 1,860 square miles. The area of the
southern part of the county included in this study is approxi-
mately 500 square miles. The northern boundary of the study
area is the Colorado River.
Average annual rainfall is about 22 inches (fig* 2),
and the average annual temperature is 65 degrees Fahrenheit*




9Most of the rainfall occurs during the winter, with sporadic
thunderstorms in the summer (Wiedenfeld, 1970). The climate
is semi-arid, according to the Koeppen-Geiger classification
(Van Riper, 1962).
Topography
The topography is nearly level to gently rolling.
The eastern part of the area is more rugged because of the
more resistant underlying limestones. The gently-rolling
central part of the county, with one to three percent slopes,
is developed on alternating shales and marly limestones. The
western part of the study area is nearly level because it is
underlain by thick shale formations. Drainage is limited to
the Colorado River and a few small intermittent streams.
HYDROGEOLOGY
In order to understand the extent of nitrate contami-
nation it was necessary to study the hydrogeology of southern
Runnels County.
Geology
Southern Runnels County is underlain by shelf depos-
its of the Permian Basin and by Pleistocene Colorado River
terraces (fig* 3)* The Permian sediments belong to the Wich-
ita and Clear Fork Groups* Formations of the Wichita Group
that crop out are the Clyde Formation, 530 feet of shales,
marly limestones and resistant limestones; and the Lueders
Formation, consisting of approximately 190 feet of marly lime-
stones and shales (Beede and Waite, 1918).
The formations of the Clear Fork Group that crop out
in the area are the Arroyo Formation, consisting of 260 feet
of shales, marls, limestones and basal lenses of gypsum; the
Vale Formation, 150 feet of shale with a few sandstone and
limestone beds; and the Choza Formation, consisting of 870
feet of red shales with a few dolomitic limestone beds (Sel-
lards, Adkins and Plummer, 1933)-
The Permian rocks dip to the west approximately 50
feet per mile. Field observation, airphoto interpretation






Pleistocene fluvial and aeolian deposits parallel the
Colorado River, with a maximum lateral extent of two miles and
a probable maximum thickness of 40 feet. Lithology of the
fluvial deposits varies from predominantly clay and silt to
sand and gravel. Some of the gravels are calichified* The
aeolian deposits are composed of fine-grained quartz sand.
Geologic Distribution of Limestone Aquifers
Aquifers occur in all the Permian limestone forma-
tions* The Clyde Formation contains a few localized shallow
aquifers* The Lueders and the Arroyo Formations comprise ex-
tensive shallow aquifer systems with most wells less than
fifty feet deep* In the Vale and Choza Formations thin lime-
stone aquifers are found at depths of 100 to 150 feet and are
overlain by thick beds of shale*
Limestone Aquifer Lithology
Groundwater occurs in solution cavities of the gently-
dipping limestones* Cavities form by the differential solu-
tion of dense limestone units, creating a honeycombed rock and
by solution along joints and bedding surfaces between lime-
stone and marl* Dissolution begins on the bedding surfaces
and then dissolves the overlying limestone rather than the
underlying marl* Water is commonly encountered beneath hard
limestone beds* A drill bit will drop a few inches to a few
13
feet after drilling through the limestone. The floor of the
cavity is generally shale. This phenomenon is shown in fig-
ure 4, a measured section from the three-foot diameter drain-
age well 1001,
Groundwater Movement in Limestone Aquifers
In the Permian limestone aquifers groundwater storage
and flow are predominantly in the solution cavities. The
pore volume available for storage is small. Primary porosity
is probably less than 5 percent. The storage coefficients,
*5
derived from two aquifer tests, were extremely small (6 x
and 4 x 10~^), The storage coefficient indicates the amount
of water in storage that is released from a unit volume of
aquifer per unit decline of head. In these limestone aquifers
there is little water available.
Groundwater flow is confined to the natural cavities
and artificial cavities that are the results of unplugged
seismic shot holes, abandoned oil wells and poorly-cased water
wells. These numerous unplugged holes have interconnected the
individual confined aquifers. The regional potentiometric
surface (fig, 5) follows the topography of the land, whereas
the local hydraulic gradient may be controlled by pumping
wells in the area. Analysis of two aquifer tests yielded
transmissivities (measurements of the rate of flow of water







thickness of the aquifer and whose width is one foot, when
the hydraulic gradient is 1.0) of 15,000 gallons per day per
foot (gpd/ft) and 6,400 gpd/ft.
Recharge and Discharge
The most important sources of recharge are leakage
from deep aquifers and precipitation. Unplugged, abandoned
oil wells penetrate the Coleman Junction Formation (Permian)
at depths of approximately 800 to 2,600 feet. The salty arte-
sian water from the Coleman Junction has sufficient head to
flow at the surface and to cause leakage into the shallow
aquifers. A few cases of salt contamination of the shallow
limestone aquifers have been documented (Shamburger, 1959) •
Rainfall is the most important source of recharge,
and with the advent of terracing the recharge rate has in-
creased* A severe drought in the 1950
f
s necessitated the
building of terraces on level land as well as on hill sides
for maximum percolation of water into the soils* Ninety per-
cent of the southern part of Runnels County has been terraced
since 1955* The extensive terracing and greater precipitation
in the 1960 f s (fig* 2) have increased the percolation of water
into the soil and have caused the potentiometric surface to
rise* The heavy rains of the 1960 ? s alone were not sufficient
to cause the rise in the potentiometric surface since wetter
periods have occurred in the past with no noticeable rise in
17
the potentiometric surface (Werner Lange, personal communica-
tion). Currently, groundwater can be found at much shallower
depths than in the past.
Before the extensive terracing, groundwater was dis-
charged by evaporation, drainage into streams and pumping
from wells. Today, however, the major means of discharge are
pumping and evaporation. Seeps are formed where the potentio-
metric surface intersects the land surface. These seeps occur
in depressions, on some hill slopes and along old stream chan-
nels. The seeps undergo a transition; a seep starts fresh,
but after a few years becomes extremely salty, because of the
continual evaporation of the mineralized groundwater. These
areas lose their agricultural productivity because the soil
is either too salty or too wet. Holes No. 26 and No. 30 (Ap-
pendix A) provide nitrate and chloride profiles of seep areas.
Colorado River Terraces
The Colorado River terrace sediments provide some
groundwater to the total water resources of the southern part
of the county, but are of minor importance because they are
thin (maximum 40 feet) and of limited lateral extent (less
than 1 mile). The saturated zone at the base of the terraces
is generally less than 10 feet thick. Water wells located on
the terraces commonly penetrate the terrace deposits and tap
underlying limestone aquifers.
QUALITY OF GROUNDWATER
Water samples were analyzed by the U. S. Public Health
Service for silica, calcium, magnesium, sodium, bicarbonate,
sulfate, chloride, fluoride, nitrate, total nitrogen, organic
carbon, and total dissolved solids. These data are considered
reliable, because samples prepared with known ionic concen-
trations closely agreed with the U.S.P.H.S. analyzed values.
Water quality data are listed in Appendix C. Comparisons
were made between the analyzed ionic species. Comparisons
were also made between the distance from collection points to
sources of contamination and the ionic species. No correla-
tions were found.
Groundwater in the southern part of Runnels County
generally is of very poor quality. The general water type
shown on the Piper (1944) diagram (fig. 6) is calcium-
magnesium- chloride water. There are also a few high sulfate
waters.
Nitrate
Nitrate concentrations ranged from less than 0.4 mg/l
to 3,584 mg/l. Only ten percent of 126 water samples analyzed
were below the recommended limit of 45 mg/l nitrate for drink-
ing water established by the U. S. Public Health Service
(1962). The distribution of nitrate concentrations in the
18
Figure 6, Trilinear diagram based on the percentage of
milliequivalents per liter (128 samples).
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water samples is given in figure 7 • The nitrate distribution
is biased toward higher concentrations because the badly con-
taminated areas were more heavily sampled than the areas of
lower contamination. Nitrate concentrations in 235 water sam-
ples (fig. 7) taken in the southern part of the county by
Parker in 1969 (Parker, personal communication) show that the
water quality is slightly better. Regardless of whose data
are used, these groundwaters appear to have the highest levels
of nitrate contamination recorded to date. This is a rather
dubious honor.
There is a geologic influence on the distribution of
nitrate in the groundwaters. Water samples from wells in the
Colorado River terraces had an average nitrate concentration
of 42 mg/l. Water samples from the Vale and Choza Formations,
which have thick shale sequences over the thin limestone aqui-
fers, had an average nitrate concentration of 89 mg/l, whereas
water samples from the Clyde, Lueders and Arroyo Formations
averaged 401 mg/l. The lower level of contamination in the
Colorado River terraces is attributed to dilution of nitrate
in the alluvial deposits. Contamination levels in the lime-
stone aquifers are higher because of the lack of dilution.
An aquifer with a porosity of 25 percent (e.g., a gravel aqui-
fer) will dilute a contaminant five times more than an aquifer
with a porosity of 5 percent (e.g., a limestone aquifer).
Limestone aquifers in the Vale and Choza Formations have lower
Figure 7. Distribution of nitrate in groundwater.
Graph interpretation: 90 percent of the
wells sampled by the author had nitrate




nitrate concentrations than the Clyde, Lueders and Arroyo For-
mations because of the thick blanket of clay overlying the
aquifers, which reduces infiltration of contaminated water
from the surface.
There is a very poor correlation between nitrate con-
centrations in the groundwater and the distance from possible
sources of contamination. Because of the rapid movement of
groundwater through solution cavities, nitrates can migrate
considerable distances from the source of contamination. How-
ever, wells with nitrate concentrations greater than 1,000
mg/l were all close to barnyards. No correlation was found
between well depth and nitrate concentrations.
Six water samples were analyzed for total nitrogen
cycle (ammonia, nitrite and nitrate)* All the wells sampled,
except well 177, were near sources of possible contamination.
Ammonia concentrations in all the samples were below detect-
able limits* Nitrite concentrations ranged from less than
o*l6 mg/l to 3»2 mg/l (table l)*
Other Chemical Species
Other chemical species important to water quality are
calcium, magnesium, sodium, bicarbonate, chloride, sulfate
and organic carbon. Most of the water samples exceeded the
concentration limits set by the U. S. Public Health Service
(1962) or Davis and Dewiest (1967). Limits suggested by Davis
23













114 <1.0 .52 136 1
177 <1.0 .2 36 1
210 <1.0 < .16 110 5
727 <1.0 3.2 1302 2
865 <1.0 1.2 1245 1
1034 <1.0 • 7 840 35 or 2
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and Dewiest (p. 121, 1967) are used when there has been no
suggested limit set by the U. S, Public Health Service. Only
two percent of the samples analyzed were below the recommended
limit of 500 mg/l for total dissolved solids in drinking water
set by the U. S. Public Health Service (1962).
Calcium concentrations ranged from 60 mg/l to 1,400
mg/l with 55 percent of the water samples below the recom-
mended limit of 250 mg/l set by Davis and Dewiest (1967)»
The source of the calcium is predominantly limestone and gyp-
sumo Animal wastes are an additional source of calcium, al-
though the magnitude of their contribution is not known. Each
ton of cattle manure contains approximately three pounds of
calcium (Loehr, 1969, p. 197)® The fate of this calcium is
not known.
Magnesium concentrations ranged from 15 mg/l to 332
mg/l, with 71 percent of the water samples below the recom-
mended limit of 125 mg/l set by Davis and Dewiest (1967)0
The source of the magnesium is limestone and dolomite plus an
unknown addition from animal wastes» Every ton of cattle ma-
nure contains approximately two pounds of magnesium (Loehr,
1969, p. 197).
Sodium concentrations ranged from 24 mg/ 1 to 1,270
mg/l with only 38 percent of the water samples below the rec-
ommended limit of 200 mg/l set by Davis and Dewiest (1967)»
Leakage from the saline Coleman Junction aquifer and leakage
from brine disposal pits probably contribute to the high so-
dium concentrations.
Bicarbonate analyses of the water samples are not ac-
curate. The water samples were analyzed several days after
collection, permitting the water to degas, changing the car-
bonate equilibrium.
Chloride concentrations ranged from 5 mg/l to 3,000
mg/l with only 19 percent of the water samples below the rec-
ommended limit of 250 mg/l for drinking water set by the U 0
So Public Health Service (1962). Possible sources of the
chloride are connate water, leakage from the Coleman Junction
saline aquifer, and contamination from brine disposal pits
and animal wastes. High chloride concentrations were found
in the soils beneath barnyards.
Sulfate concentrations ranged from 13 mg/l to 3,100
mg/l, with 40 percent of the water samples below the recom-
mended limit of 250 mg/l set by the U« S* Public Health Serv-
ice (1962)0 Probable sources are gypsum evaporites from the
Arroyo Formation, sulfides in shales and sulfur compounds in
animal wastes® Animal wastes are considered because every
ton of cattle manure contains approximately I*s pounds sulfur
(Loehr, 1969, p« 197)»
Six water samples were analyzed for organic carbon 6
The results were unreliable, because two duplicate samples
from well 1034 did not agree (table l)o
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NITRATE CONCENTRATIONS IN SOIL AND BEDROCK
Forty-six holes were drilled in different geologic
and cultural settings to determine nitrate concentrations in
the soil and bedrock (table 2)* A hole-by-hole interpreta-
tion of the nitrate concentrations is given in Appendix A*
At each drilling site soil samples were collected
every foot to a depth of twenty feet or until the water table
was reached. Soil moisture was not determined. Samples were
analyzed later for nitrate and chloride* One-quarter pound
of sample was mixed with 500 ml of deionized water and al-
lowed to sit for 15 minutes. The suspension was then ana-
lyzed for nitrate and chloride concentrations with an Orion,
Inc., nitrate specific-ion electrode, model number 94-17A;
a chloride specific-ion electrode, model number 92-07; and a
single-junction reference electrode, model 90-01* Nitrate
and chloride values, recorded in millivolts, were converted
to milligrams per kilogram (mg/kg), by plotting millivolts on
a calibration curve whose slope agreed with the Nernst equa-
tion (Manahan, 1969). The calibration curve was prepared by
plotting millivolts against the log of concentration for
three standards; one standard was used for each log cycle*
Nitrate calibration curves were also derived for different
chloride concentrations* The soil samples were analyzed in
groups of twenty with standardization of the nitrate and
26
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1 31,200 24 32,000
2 3,700 25 16,000
3 7,700 26 6,000
4 4,900 27 3,200
5 3,700 28 3,800
6 2,700 29 2,400
7 6,400 30 4,400
8 4,300 31 5,900/13 ft
9 2,500 32 23,100
10 2,600 33 20,100
11 1,700 34 5,300
12 14,200 35 5,800
13 20,700 36 3,900
14 3,600 37 3,700
15 11,400 38 8,200
16 11,000 39 6,700
17 5,400 40 40,000
IB 16,400 41 59,500
19 3,700 42 19,900
20 3,600 43 79,000
21 26,100 44 4,700
22 30,000 45 14,300
23 16,000 46 17,300
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chloride electrodes before and after each run with samples of
known concentrations* Twenty random samples were checked by
wet chemical analysis by Radian Corporation to determine the
accuracy of the nitrate electrode (table 3)* Analyses with
concentrations of 10 mg/l or more were within ten percent of
the wet chemical analyses* Analyses of concentrations with
less than 10 mg/l were commonly more than 30 percent greater
than the chemical analyses* Because of all the steps taken
to determine the nitrate concentrations in the soils, a 20
percent error seems likely* Considering the number of sam-
ples analyzed and the difficulty of obtaining reproducable
results in natural systems, plus the extremely high concen-
trations of nitrate, these experimental errors are accept-
able*
Chloride measurements were made to determine the
chloride interference with the nitrate determinations* At
low nitrate concentrations (less than 50 mg/l) and high chlo-
ride concentrations (greater than 100 mg/l), nitrate concen-
trations determined with the electrode were higher than the
wet chemical analyses* When necessary, nitrate values were
corrected for chloride interference* Chloride concentrations
are graphed with the nitrate concentrations in Appendix A*
Table 3. Nitrate concentrations from specific-ion electrode



































Potential geologic sources of nitrate are organic-
rich shales, limestones, and evaporite deposits. Trask and
Patnode (1942) reported nitrogen concentrations up to 8,600
mg/l in organic-rich shales. Limestones with nitrate concen
trations of 15 mg/l have been reported (Keeney and Gardner,
1970, p. 98). Nitrates were found in the shales and lime-
stones sampled during drilling in Runnels County, but the
age of the nitrates cannot be determined and may be Permian
through Recent. Nitrate evaporites may occur in playa de-
posits, caliche deposits and cave deposits (Mansfield and
Boardman, 1932), however, no nitrates were found in the gyp-
sum lenses of the Arroyo Formation in Runnels County. It is
unlikely that the nitrates have been removed by leaching be-
cause there are no solution cavities associated with the
gypsum lenses, and the gypsum is always bone dry.
Leguminous Plants
Leguminous plants commonly fix 40 to 200 pounds of
nitrogen per acre per year (Allison, 1955* P* 230)* The mes-
quite tree is the only legume found in abundance in Runnels
County, but soil samples taken from mesquite pastures did not




Commoner (1970), Kor and Schneid.er (1968), Stout and
Burau (1967), Behnke and Haskell (1968), and Harmeson and
Larson (1970) consider fertilizers as the major source of
nitrates in their respective study areas. Fertilizer is not
an important source in Runnels County, because it is rarely
used. Because of the low rainfall and the lack of irrigation
in the county, fertilizer burns the crops. Fertilizer is
used only on small irrigated, bermuda grass pastures.
Industry
There is no industry in the southern part of Runnels
County other than a few small oil concerns.
Precipitation
Junge (195 B) reported high nitrate and ammonia con-
centrations in the rainfall of west Texas. The average ni-
trate and ammonia concentrations for a period of a year were
approximately 1 mg/l nitrate and 0.1 mg/l ammonia. Using
these concentrations for Runnels County, about 1 pound of ni-
trate per acre was added annually to the soil by 12 inches of
rain. This estimate assumes complete conversion of ammonia
to nitrate.
Suggested sources for this atmospheric ammonia and
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nitrate are photochemical reactions in the air (Feth, 1966,
p. 45), wind-blown soil (Junge and Manson, 1961, p. 2177) and
industrial activity. Gambell and Fisher (1964, p. 4208),
Junge (1955, p. 245), Hoering (1957, p. 97) and Commoner
(1970, p. 89) consider lightning of minor importance in the
formation of atmospheric nitrate.
Animal Wastes
Livestock and humans produce prodigious quantities of
organic wastes. Loehr (1969), Gillham and Webber (1969),
Smith (1969), and Stewart jrt jil. (1967) consider animal
wastes as the major nitrate source in their study areas.
Nitrates in animal wastes originate as protein and
urea. Under aerobic conditions the protein and urea are bio-
logically oxidized to nitrate. The process is known as ni-
trification. The reactions are:
Amino acids —> Urea —> —> —> NO^*
Urea is hydrolized to ammonia. The bacteria Nitrosamanus
oxidizes ammonia to nitrite and the bacteria Nitrobacter oxi-
dizes nitrite to nitrate. If conditions are dry most of the
ammonia will be converted to nitrogen gas; if conditions are
relatively wet most of the ammonia will be converted to ni-
trate.
A cow excretes approximately 0.4 pounds nitrogen
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every day (Loehr, 1969, p. 199)* If 50 percent of this nitro
gen is converted to nitrate .9 pound of nitrate will be cre-
ated per cow per day or 330 pounds nitrate per cow per year;
thus one cow per acre would add 330 times more nitrate to the
soil than rainfall. Large quantities of nitrate are also be-
ing created by humans, hogs, sheep, goats and chickens (table
4).














Only 10 percent of the water samples analyzed were
below the U. S. Public Health Service recommended limit for
nitrate in drinking water. Most groundwater in Runnels
County is not fit for human consumption.
To determine the sources of this contamination, soil
samples from barnyards, septic tank fields, cultivated crop
land, pasture land, mesquite thickets, and seep areas were
analyzed. Comparisons of the nitrate profiles and the total
nitrate for each of the profiles (Appendix A) show that the
nitrate-rich soils are near septic tanks and areas of live-
stock confinement. Average total nitrate -content was 26,700
pounds per 15 acre-feet; in other words, the upper 15 feet
of soil and rock contains 26,700 pounds of per acre.
The cultivated fields had an average of 4,100 pounds of ni-
trate per 15 acre-feet and the pastures had an average of
3,900 pounds of nitrate per 15 acre-feet. The cultivated
fields had slightly higher values than the pastures, probably
because of greater soil aeration, which permits more organic
nitrogen to be converted to nitrate. Total nitrates in mes-
quite thickets were about the same as in pastures. Seep
areas have high nitrate concentrations at shallow depths,
caused by the evaporation of nitrate-enriched groundwaters.
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The seep areas are thus accumulation areas rather than source
areas•
The total nitrate values in barnyards are higher than
reported in other studies® The maximum nitrate per 15 acre-
feet under corrals in Colorado was 26,000 pounds (Stewart jst
al®
® 1967) whereas the maximum amount of nitrate determined
in this study area was over 70,000 pounds of nitrate per 15
acre-feet® A possible explanation for this large difference
may be the difference in soil and rainfall and hence of
leaching between the two areas. The nitrate values found in
fields and pastures are also slightly higher than fields in
Colorado (Stewart et _al®, 1967) and fields in Illinois
(Harmeson and Larson, 1970). The nitrate profiles in Appen-
dix A have not been changed to the wet chemical analysis
values® All the low nitrate values shown are about 30 per-
cent greater than their wet chemical analysis value. This
analytical variance may be the small differences among the
Colorado data, the Illinois data, and the Runnels County
data, but the magnitude of the differences is not considered
significant ®
Extensive drilling on two farms confirmed the idea
that the high nitrates occur in the soils near or under the
barnyards and septic tanks® Samples from holes 20, 21, 22,
23, 24, 25 and 26 drilled on the 0. Halfman farm showed that
nitrate concentrations are much higher in the barnyard and
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septic tank areas* Samples from holes 38, 39, 40, 41, 42, 43
and 44 drilled on the P* Peiper farm also had much higher ni-
trate concentrations in the barnyard soils than in the field
soils. This correlation is also seen in the comparison of
nitrate profiles for holes 1 and 2; 13, 14, 15, and 16; 18
and 19; 31 and 32* More complete discussions of these data
are given in Appendix A.
There is a strong correlation between nitrate and
chloride concentrations in the soils* In profiles of con-
taminated soils the chloride peaks coincide with the nitrate
peaks, whereas in the pastures and cultivated fields there
are low or undetectable chloride concentrations* The high
chloride concentrations in the barnyard soils should be ex-
pected, because of the high chloride content in cattle ma-
nure* Unfortunately, there is no definite correlation
between chloride and nitrate in the groundwater*
Beneath barnyards nitrates migrate down to the water
table by an increased percolation of nitrate-rich surface
waters* A cow excretes a minimum of four gallons of water
per day (Loehr, 1969, P® 195)• In a pasture this water is
evaporated or absorbed by the soil and the vegetation and
much of the nitrate is used for plant growth. In the barn-
yard, where cattle are much more concentrated, the water
from the excrement saturates the soil and either percolates
down below the root zone to the potentiometric surface or
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evaporates, leaving a nitrate-rich zone. Because of the
recent rise of the potentiometric surface, caused by the ex-
tensive terracing, groundwater has saturated these nitrate
caliches and appears to have dissolved the accumulated ni-
trates.
The natural vertical permeability is low, because of
the high clay and silt content, but it is greatly increased
locally by outdated water well construction® Most of the
farm wells are in barnyards and constructed of easily cor-
rodable stove pipe® Surface water and perched groundwater
can easily drain into the producing limestone aquifer (fig.
8)® Water well No. 365 is an example of this high artificial
vertical permeability. Water from the well had a nitrate
concentration of 250 mg/l® At a depth of 19 feet, perched
groundwater with a nitrate concentration of 1,000 mg/l was
draining into the producing limestone aquifer.
The nitrate concentrations in the groundwater within
the limestones are much higher than in groundwater in other
aquifer types (i.e®, gravels, sandstones), because of the
lack of dilution in the limestones. For example, in a lime-
stone aquifer, with a net thickness of five feet and 5 per-
cent porosity, the maximum amount of water stored is .25
acre-feet, whereas in a sand and gravel aquifer, with a satu-
rated thickness of five feet and 30 percent porosity, there





of nitrate are added to each aquifer, nitrate concentrations
should be six times higher in the limestone than in the sand
and gravel aquifers.
Few corrective measures are available to improve the
quality of water in Runnels County,, With the low dilution
factor and the high permeabilities of the limestones, high
nitrate waters can easily contaminate large parts of an aqui-
fer. Most of the recently drilled wells produce polluted
water. The outlook for the future is not much brighter, con-
sidering the large quantities of nitrate still in the soils
beneath barnyards. Eliminating terraces, especially in seep
areas, would hopefully increase surface runoff, cause the
potentiometric surface to drop and thus reduce further dis-
solution of nitrate caliches. On one farm cutting terraces
and trenching for better drainage has successfully returned
a 5 acre seep to productive farm land, although the ground-
water quality has not noticeably improved. The cutting of
terraces is probably not economically or politically feasible.
Other possible solutions are the importation of water from
the Brady or Eden areas, south of Runnels County, or the use
of desalination units (e.g., reverse osmosis or ion-exchange).
These solutions may be suitable as water supplies for human
consumption, but are too expensive for agricultural use.
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Conclusions
1. Nitrate concentrations in the groundwater ranged from
less than 0.4 mg/ 1 to 3,580 mg/l. Only ten percent of the
water samples were below the limits for nitrate in drinking
water established by the U. S. Public Health Service (1962).
2. Groundwater flow is restricted to solution cavities and
fractures in the limestones. Numerous poorly cased water
wells, unplugged seismic shot holes and unplugged abandoned
oil wells have interconnected the thin shallow limestone
aquifers and permit the mixing of different groundwaters.
3. Highest nitrate concentrations in the soils are near or
under barnyards or septic tanks.
4. Nitrate concentrations in soils of pastures and culti-
vated fields are slightly higher than reported in other areas.
Experimental error in this study may explain the slight dif-
ferences, which are not considered significant.
5. High nitrate concentrations in barnyard soils have corre-
sponding high chloride concentrations. There is no apparent
correlation between chlorides and nitrates in the groundwater.
6. The transfer of nitrates from the barnyard soils to the
aquifers is greatly enhanced by poorly cased water wells.
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7* Extensive terracing has caused an appreciable rise in the
potentiometric surface with subsequent dissolution of nitrate
caliches by groundwater. Where the potentiometric surface
has intersected the land surface, seepage areas have formed.
8. Nitrate concentrations in the groundwater within lime-
stone aquifers are extremely high partly because of the low
dilution in the limestone aquifers.
9. High nitrate concentrations are found in waters from
wells far from contamination sources, because of the high
permeability of the limestone aquifers.
10* Improvement of future groundwater quality cannot be ex-
pected because of the vast quantities of nitrate still in the
soils. Water importation or desalination may prove economi-
cally feasible for human consumption, but not for agricultural
needs.
APPENDIX A
NITRATE AND CHLORIDE PROFILES
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Nitrate and Chloride Profiles
with Location Maps
This appendix includes the nitrate and chloride pro-
files, lithology, and discussion of probable nitrate sources
at each borehole* Nitrate and chloride concentrations are
shown numerically when values are greater than 900 mg/kg.
Where chloride concentration is not shown, its value was less




Hole 1, Hole 2, and Hole 3
Hole 1 was drilled ten feet south of water well 369*
The high nitrates in the soil are probably due to the fact
that well 369 was a watering hole for cattle and sheep for
approximately fifty years, Hole 2 was drilled approximately
100 yards south of water well 369® Cattle had grazed this
land, but had never been concentrated near Hole 2 0 A com-
parison of Hole 1 and Hole 2 shows the major source of con-
tamination comes from the area where cattle had been watered.
There is no adequate explanation for the high nitrate
concentrations found at Hole 3, which is 250 yards west of
well 3690 The hole was drilled next to a pasture, but other
































































Location of Holes 1, 2 9 and 3
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Hole 4 and Hole 5
Holes 4 and 5 were drilled beneath pasture land
covered with mesquite and pasture land with no mesquite, re-
spectively* The pasture land with no mesquite was an ancient
stream channel where the soil was not conducive for mesquite
growth* Neither Hole 4 nor Hole 5 contained high nitrate
concentrations in the top ten feet* The high concentrations
found at 15 to 16 feet in Hole 4 and Hole 5 are probably the










































































































































































Location of Holes 7 and 8
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Hole 9 and Hole 10
Hole 9 was drilled in a pasture on the top of a hill,
l/2 mile west of water well 6. Cattle were grazing in the
area* There are no anomalous nitrate concentrations in this
soil* Hole 10 was drilled in the same pasture as Hole 9, but
only 1/4 mile west of water well 6 and the farm house* There
are no abnormal nitrate concentrations in this soil either*


























































































Hole 12 was drilled on a turn row in a cotton fieldo
The owner claimed that there was no history of cattle, fer-
tilizer usage or human habitation near the hole® This hole
is anomalous because of the high nitrate concentrations and
the correspondingly low chloride concentrationso In other
holes with excessive nitrates, the chloride concentrations
have also been higho There is no apparent explanation for
































Location of Hole 12
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Hole 13, Hole 14, Hole 15, and Hole 16
Holes 13, 14, 15, and 16 were all drilled within l/4
mile of each other® These holes show the effect of livestock
production and human habitation on the nitrate profile of the
soil and underlying sediments® Hole 14 was drilled in a maize
field 100 yards south of water well 1006® There is no history
of livestock confinement or human habitation near this hole®
The nitrate concentrations are relatively low in the profile®
Hole 13 was drilled ten feet south of water well 1006
at a deserted corral® During the summer of 1968 the owner of
this land lost a herd of cattle because of methemoglobinemia®
The nitrate and chloride profiles are abnormally high®
Holes 15 and 16 were drilled on an old farm site®
The farm was occupied from approximately 1900-1950. In 1950
the farm was torn down and the well was filled because of its
bad water B Hole 15 was drilled on the site of the old manure
pile in the old barn® This profile shows high nitrate concen-
tration at a depth of seven feet rather than at the surface®
This is to be expected in old deserted farm areas where the
top few feet of soil are leached of nitrates® Hole 16 was
drilled at the farm house of the deserted farm® Again high
nitrate concentrations are found at depth because of the
leaching process and the lack of continual addition of ni-
trate to the surface® A comparison of Holes 13, 14, 15, and
16 shows the effect of animal husbandry and human habitation




























































































Location of Holes 13, 14, 15, and 16
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Hole 17. Hole 18, and Hole 19
Holes 17, 18, and 19 were drilled on the same farm.
Hole 17 is located next to a caliche pit near water well 386.
The caliche was mined for road metal. Some cattle have grazed
near the hole. There is no suitable explanation for the high
nitrate concentrations.
Hole 18 was drilled five feet south of a hog pen and
five feet north of water well 388* The owner lost a cow and
a calf after they drank water from the well. The nitrate and
chloride profiles are abnormally high.
Hole 19 is located 250 feet west of water well 388
and the hog wallow next to that well and 500 feet east of an-
other farm complex® The profile of Hole 19 shows no high ni-
trate concentrations® A comparison of Hole 18 and Hole 19
shows the source of the groundwater pollution in this area is
the soil in the barnyard area rather than a natural nitrate




































































Location of Holes 17, 18, and 19
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Hole 20, Hole 21, Hole 22, Hole 23, Hole 24, Hole 25,
Hole 26, and Hole 27
Holes 20, 21, 22, 23, 24, 25, 26, and 27 are located
on the same farm as water well 867. Hole 20 is located
seventy feet east of water well 867, fifty feet east of the
house and thirty feet south of two septic tank laterals.
There was no evidence of livestock near the hole. The profile
shows low nitrate concentrations.
Holes 21 and 22 were drilled in the farmer’s barnyard.
Hole 21 was drilled next to the water trough and ten feet east
of water well 867 o Hole 22 was drilled ten feet east of the
water trough. Both wells show abnormally high nitrate and
chloride concentrations. Hole 23 was drilled five feet east
of the barnyard. The nitrate concentrations are high at depth,
but much lower near the surface. This type of profile is to
be expected with subsurface lateral migration of nitrates away
from the barnyard.
Holes 24 and 25 were drilled next to two septic tank
laterals* Hole 24 is three feet from a new septic tank lat-
eral and ten feet south of an old septic tank lateral. Both
profiles show excessive nitrates at three feet, the approxi-
mate depth of the septic tank laterals.
Hole 26 was drilled in a seepage area 1/4 mile south-
east of water well 867. There was no evidence of livestock
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confinement, fertilizer or human habitation near the hole.
The high nitrate and chloride concentrations at the surface
are probably caused by the accumulation of salts by the evap-
oration of saline groundwater.
Hole 27 was drilled in a cotton field 1/4 mile south-
west of water well 867« There was no evidence of livestock
confinement, fertilizer or human habitation near the hole.
No abnormal nitrate concentrations were found.
Comparisons of the nitrate profiles and total nitrate
(pounds/15 acre-feet) of holes 20, 21, 22, 23, 24, 25, 26,
and 27 show the major nitrate sources are the soils in the
barnyard and around the septic tank laterals rather than the
natural nitrate concentrations of cultivated fields or seep-
age areas.
Pounds/15
























































































































































































































































































































Location of Hole 30
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Hole 31 and Hole 32
Holes 31 and 32 are located on the same farm. Hole
31 was drilled in an old stream which is presently a seepage
area. The land is used as a fertilized-bermuda grass pasture
for cattle. The high nitrate concentrations at shallow depths
may be from the cattle, the fertilizer, or the evaporation of
the groundwater. It is impossible to define the relative con-
tribution from each source.
Hole 32 was drilled in the middle of a barnyard with
hog pens on two sides,. The manure and urine from approxi-
mately fifty shoats drained to one side of the yard. The con-
centration of the manure slurry was over 2,000 mg/l. The ni-
trate concentrations in water well 727, which is next to the
barnyard, ranged from 2,000 mg/l to over 3,000 mg/l at vari-
ous times. A comparison of the nitrate profiles for Holes 31
and 32 shows that the soils under the barnyard are much higher






















































Hole 33 is located on the deserted homesite of Bonnie
Parker of Bonnie and Clyde fame. The house was torn down ap-
proximately twenty years ago. The land is now a seepage area
in a cotton field. This hole has abnormally high nitrate con-
centrations, It is highly unlikely that the previous human
activity plus the nitrate salts forming from groundwater evap-
oration are sufficient to cause such high near-surface concen-
trations, These nitrate concentrations are much higher than
in other seepage areas. There is no adequate explanation for



























































Hole 35, thirty feet northeast of water well 1001,
is located in a cotton field in the lowest part of a large,
closed basin (diameter - 1 mile). There is no history of
livestock confinement or fertilizer use near the hole. There
is no adequate explanation for the higher nitrate concentra-




















































































































Hole 38 is located next to a seepage area in a cotton
field fifty feet north of a deserted farm complex and l/4
mile southwest of water well 551® The high nitrate concentra-
tions are probably the result of the lateral migration of
nitrate-enriched groundwater from the deserted farm complex






























Location of Holes 38, 39, 40, 41, 42, 43, and 44
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Hole 39. Hole 40. Hole 41« Hole 4.2. Hole 43« and
Hole 4.4
Holes 39, 40, 41, 42, 43, and 44 are all located
within a 100 yard radius of a farm complex of house, barn and
barnyard. Hole 39 is located five feet away from water well
551, thirty feet south of the house and one hundred feet
south of the barnyard. No abnormally high nitrate concentra-
tions are found in this profile. The nitrate peak at a depth
of eleven feet is probably caused by lateral flow of ground-
water along a permeable zone.
Hole 40 is located in the oldest part of the barn-
yard, The profile shows extremely high nitrate concentra-
tions,, Hole 41 is located on an old manure pile in the barn-
yard where extremely high nitrate concentrations were found.
Hole 42 is located on a recent addition to the barnyard. The
area used to be covered by the barn. Concentrations are
lower than in the older portions of the barnyard. The ni-
trate peak at a depth of eleven feet may be the result of
lateral nitrate migration from other parts of the barnyard.
Hole 43 is five feet outside the southwest corner of the
barnyard. The nitrate profile is extremely high. The area
drilled is topographically lower and stratigraphically down
dip from the barnyard. The high concentrations are probably
the result of surface drainage from the barnyard and
116
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subsurface lateral migration of nitrates. The concentrations
in Hole 43 are higher than in Hole 42 because of the topo-
graphic and stratigraphic position of Hole 43* Water will
flow downslope and down dip much easier than it will flow hor
izontally*
Hole 44 is ten feet north of a septic tank lateral
and forty feet south of the barnyard* The farmer also ferti-
lized the area for his grass* The peak at depth may be the
result of his fertilizer usage, his septic tank, or his barn-
yard* The nitrate profile is low in comparison with the ni-
trate profiles in and around the barnyard* The nitrate con-
tamination of well 551 appears to be derived primarily from
the barnyard rather than the septic tank or a natural nitrate
























































































































Hole 45 and Hole 46
Holes 45 and 46 are located in the same farm complex
near water well 1034* which was a "watering hole" for cattle
drives in the early 1900 f s. The house is still occupied, but
no livestock have been raised for 20 to 30 years. Hole 45
was drilled on the supposed location of the old water trough.
Hole 46 was drilled approximately 50 feet away from the farm
complex to determine the natural nitrate concentration in the
soil. Hole 46, where low concentrations were expected, had
higher concentrations than Hole 45» where the higher concen-
trations were to be expected. The soils in this area prob-
ably have been so badly contaminated that Hole 46 was still
in the zone of contamination. Additional drilling needs to








































Location of Holes 45 and 46
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APPENDIX B
DATA ON SELECTED WATER WELLS IN RUNNELS COUNTY, TEXAS, SOUTH
OF THE COLORADO RIVER« NITRATE ANALYSES BY THE STATE PUBLIC
HEALTH DEPARTMENT, AUSTIN, TEXAS.










Depth to Water Table (fc>













Direction from Live- stock
Distance
&






























































































































































Depth to Water Table
Total Depth of Well














































































































































































































Depth to water Table
Total Depthof Well






Direction from Live- stock






































































































































































































































































































































































































Depth to Water Table
Total DepthofWell










Direction from Live- stock
Distance
&











































































































































































































































































































































































































Depth to Water Table
Total Depth of Well
j







Direction from Live- stock
Distance
&



















































































































































































Depth to Water Table
Total Depthof Well







Direction from Live- stock
Distance
&



































































































































































































































































































































































































































Depth to Water Table
i
Total Depth ofWell









Direction from Live- stock
Distance
&




























































































































































































Depth to Water Table
1 1
Total Depth ofWell





























































































































































































































































































































































































































Depth to Water Table











Direction from Live- stock
Distance
&































































































































































Direction from Live- stock
Distance
&

























































































































































































































































































































































































Depth to Water Table
Total Depthof Well (ft)


























































































































































































Total Depth of Well











Direction from Live- stock
Distance
&
































































































































CHEMICAL ANALYSES OF WATER FROM SELECTED WELLS IN RUNNELS
COUNTY, TEXAS, SOUTH OF THE COLORADO RIVER. ANALYSES BY THE
STATE PUBLIC HEALTH DEPARTMENT, AUSTIN, TEXAS.
1969 PARTIAL CHEMICAL ANALYSES BY TEXAS A AND M EXTENSION
LABORATORY IN LUBBOCK, TEXAS. SAMPLES WERE COLLECTED DURING
THE SUMMER OF 1969 BY THE OWNERS.
(See plate 1 for well locations)
KEY:
I.S. = Insufficient Sample








































































































































































































































































































































































































































































7-07-70 1970 7-08-70 6- 7- 7-22-70 7-16-70 7-14-70 7-14-70 6-14-70 6- 7-
120 320 145 420 32 370 320 185 290 260 340
95
*
36 26 130 12 350 105
29 312 110 250 344 36 310 220 210 155 540 405
80 34
3
221 90 378 284 95
1,680 1,800 1,200 1,860 510 1,080 900 1,800 1,260 1,800 1,560 1,140
660 1,080 1,200 264 2,400 1,080
2,660 1,940 1,210 2,170 2,210 500 1,110 940 2,040 1,190 3,611 2,140 1,190
750 1,780 4.320 1.320 2,300 2,380 1,350
19 24 25 26 29 24 33 22 21 22 23 22 .25
34 20 15 24 16 19 38
!
690 336 155 333 276 72 131 163 232 168 443 266 161
89 211 620 175 252 193 143
27 27 64 86 87 42 38 36 134 90 194 111 71 42 103 231 67 134 159
92
129 265 175 297 328 50 163 97 273 97 493 302 158 113 213 444 195 348 399 178
1
294 250 254 174 337 325 217 294 237 365 329 338 270 423 266 244 264 234 287
487
1,340 237 178 253 493
30 147 103 358 252 680 245 126 139 980 1,940 205 458 331 3
90
279 610 373 840 481 87 177 156 700 225 1,070 620 432 87 120 730 429 690 750 178
1.8 1.6 1.8 2.1 2.1 1.2 2.5
.8 .9 1.1 2.4 1.7 1.3 1.9 1.9 4.0
!










































210 228 229 230 231 232 233 234 251 273 279





























































660 440 104 210 700
70
.
290 357 520 160 456 572 387 410 294 351 100
65 777 179 420 50 260 550 64
1,260 1,260 1,020 1,440 1,500 1,380 1,680
960 1,680 2,400 1,320 900 2,880 2,700 1,200 1,920 2,400
660
1,530 1,330 1,880 1,570 1,560 1,980
930 2,470 2,410 1,490 1,150 '3,710 2,180 2,740 1,110 2,570 2,220
610
18 20 20 24 21 35 36 23
19 20 23
•
24 25 24 25 39 16 24
21
174 187 176 207 182 142 197 127 389 268 163
171 500 251 274 110 443 330
73
36 30 29 76 89 57 65 20 115 135 78 71 162
98 138 50 127 107
37
284 202 162 326 198 286 343 109 283 355 235 137 486
386 465 211 211 237 86
298 287 232 256 368 279 277
85 281 323 265 290 227 259 267 467 226 282 244
1
279 184 139 432 101 241 299 124 471 328 287 120
373 314 443 216 880 189 78
298 202 115 520 335 279 333
69 760 790 395 415 1,270 800 840 198 520
1
630 129
2.5 2.3 2.8 3.0 1.6 3.1 3.0 3.3 1.8



































































-17-70 -17-70 >-24-70 3-24-70 7-14-70 7-19-70 6-19-70
6- 7-
7-09-70 7-17-70 7-18-70 7-18-70 7-19-70 7-08-70 7-15-70 16-23-70 [7-19-70 7-14-70 6-19-70 5-19-70
62 58 115 380 205 215 310 1,230 170
4
230 250 35 240 225 300 155 50 860 350
56 95 150 326 225 130 315 1,428 168 216 1.5 190 240
12 260 120 326 288 80 336 336
600 960 1,440 1,080 900 1,920 2,880 1,680 1,200 1,080
780 2,700 2,040 1,680 1,320 2,400 2,700 2,040 1,680
560 1,130 1,800 1,440 960 2,040 3,180 8,150 1,310 2,120 1,630 1,140
880 3,600 2,240 1,410 1,590 1.460 3.460 2,470 1,620
21 28 44 26 23 24 18 25 20 23 16
20 21 36 20 24 28 23 18 24
22
60 156 159 288 83 280 307 830 ISO 233 182 207 177 229 330 159 173 165 530
354 236




432 62 109 118 24 20 240 140
94 67 45 220 93 67
89 139 413 165 191 345 483 1,270 173 350 245 138
87 660 240 205 254 262 286 304 193
254 288 339 179 259 267 339 270 268 249 243 232 226 600 223 333 172 282 273 196
210
1
72 139 397 71 165 328 720 1,540 274 351 239 131
86
1,340 312 184 248 259 1,670' 920 249
106 360 436 463 115 590 970 2,490 296 710 690 265 1S9 780 820 465 405 278
520 344 410
I
1.1 1.0 2.4 .4 3.2 1.9 2.3 2.9







































































































































































































































































































































































































































7-70 7-14-70 5- 7-28-70 7-29-70 6- 6-22-70 6- 7- 7-17-70 7-17-70 7-08-70 7-07-70 7-70
330 310 132 170 240 310
1,302 378 1,620 1,260 130 170 300 210 1,660 1,250
200 1,898
.
920 290 110 120 190 280 820 360
900 1,800 900 2,010 1,400 1,260
730
1,800 2,570 5,400 4,870 2,640 820 2,380 1,490 4,780 3,880 2,010 5,350 4,
ICO 1,500 640 910 2,150 2,190 2,950 3,790
18 19 20 24 24 21 21 21 21 22 27 22
.
20 24 24 27 12 17 29 18
590 275 850 740 385 98 336 181 770 610 165 780 700 190
98 118 300 245 476 600
156 149 325 308 190 55 178 114 108 104
80 238 95 48 47 57 93 73
81 202
348 375 333 348 193 100 223 161 540 470 413 490 530 250
52 118 272 389 357 359
338 232 354 339 253 337 227 268 242 238 389 282 166 253 320 334 283 220 229
245
550 452 .,080 .,030 ,160
70 326 150 472 387 416 570 396 241 57 83 920 520 330 1,250
680 800 980 990 428 137 880 520 1,090 920 510 1,210 1,350 379
89 217 351 560 740 8S0
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331 1,350 1,510 3,130 4,010 4,980
23 25 22 18 32 30
64 175 193 620 670 840
1
9 65 111 118 118 142
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1








.3 1.8 2.0 1.0 2.1 2.3
REFERENCES
Alam, 8., Saporoschetz, 1., and Epstein, S., 1971, Synthesis
of nitrosopiperidine from nitrate and piperidine in the
gastro-intestinal tract of the rat: Nature, v. 232, p.
199-200.
Allison, F. E«, 1955, The enigma of soil nitrogen balance
sheets, in Norman, A. G. (ed.), Advances in agronomy:
New York, Academic Press, Inc., p. 213-250.
Asahina, S., Friedman, M., Arnold, A., Millar, G., Mishkin,
M., Bishop, Y., and Epstein, S., 1971, Acute synergistic
toxicity and hepatic necrosis following oral administra-
tion of sodium nitrite and secondary amines to mice:
Cancer Research, v. 31, p. 1201-1205.
Beede, J. W., and Waite, V. V., 1918, Geology of Runnels
County: University of Texas Bull., no. 1816, 64 p.
Beffort, J. D., 1969, Nitrate contamination study near
Ballinger, Runnels County, Texas: Texas Water Develop-
ment Board Interoffice Memorandum, 15 p.
Behnke, J. J., and Haskell, E. E., Jr., 1968, Groundwater ni-
trate distributions beneath Fresno, California: Am.
Water Works Assoc. Jour., v. 60, no. 4, P* 477-480.
Case, A. A., 1970, The health effects of nitrate in water:
Proc. 12th Sanitary Engineering Conf., Univ. Illinois,
p. 55-60.
Commoner, 8., 1970, Threats to the integrity of the nitrogen
cycle: Nitrogen compounds in the soil, water, atmosphere
and precipitation, in. Global effects of environmental
pollution: Holland, D. Riedal, p. 70-95»
Davis, S. No, and DeWiest, R. J. M., 1967, Hydrogeology: New
York, John Wiley and Sons, 463 p.
Feth, J. H., 1966, Nitrogen compounds in natural water - a
review: Water Resources Research, v. 2, no. 1, p. 41-58.
Gambell, A. W., and Fisher, D« W., 1964, Occurrence of sulfate




Gillham, R. W., and Webber, L. R., 1969* Nitrogen contamina-
tion of groundwater by barnyard leachates: Water Pollu-
tion Control Fed. Jour., v. 41, no. 10, p. 1752-1762.
Gruener, N., and Shuval, H. 1., 1970, Health aspects of ni-
trates in drinking water, _in Shuval, H. I. (ed.), Devel-
opments in water quality research: Ann Arbor, Ann Arbor
Humphrey Science Publishers, p. 77-92.
Harmeson, R. H«, and Larson, T. E., 1970, Existing levels of
nitrate in waters - the Illinois situation: Proc. 12th
Sanitary Engineering Conf., Univ. Illinois, p. 27-39*
Hoering, T. C., 1957, Isotopic composition of the ammonia and
the nitrate ion in the rain: Geochim. et Cosmochim.
Acta, V. 12, p, 97-102.
Junge, C. E e , 1958, The distribution of ammonia and nitrate
in rain water over the United States: Am. Geophys.
Union Trans., v. 39, no. 2, p. 241-248.
Junge, C. E., and Manson, J. R., 1961, Stratospheric aerosol
studies: Jour
e Geophys. Research, v. 66, no. 7, p.
2163-2182.
Keeney, D. R., and Gardner, W. R., 1970, The dynamics of
nitrogen transformations in the soil, in Global effects
of environmental pollutions Holland, D. Riedal, p* 96-
103*
Kor, B. D., and Schneider, R« A., 1968, Delano nitrate in-
vestigations California Dept. Water Resources Bull.,
no. 143-146, 41 P«
Lijinsky, W., and Epstein, S. S„, 1970, Nitrosamines as en-
vironmental carcinogens! Nature, v. 225, p. 21-23*
Loehr, R. C., 1969, Animal wastes - a national problem:
Jour. Sanitary Engineering, v. 95, p* 189-221.
Manahan, S. E., 1969, lon selective electrodes for nitrate
analysis, in Hemphill, D. D. (ed.), Proc. 3rd Ann. Conf.
on Trace Substance in Environmental Health: Univ. of
Missouri, Columbia, Mo., p. 353-358.
Mansfield, G. R., and Boardman, L., 1932, Nitrate deposits in
the United States: U. S. Geol. Survey Bull. 838, 107 p.
156
Piper, A. M., 1944, A graphic procedure in the geochemical
interpretation of water analyses: Am. Geophys. Union
Trans., v. 25, p. 914-923*
Sellards, E. H., Adkins, W. S., and Plummer, F. 8., 1933,
The geology of Texas, v. 1, Stratigraphy: University
of Texas Bull. 3232, 1,007 p.
Shamburger, V. M., Jr,, 1959, Reconnaissance of water well
pollution and the occurrence of shallow groundwater,
Runnels County, Texas: Texas Board of Water Engineers,
26 p«
Smith, Go Eo, 1969, Nitrate pollution in water supplies, in
Hemphill, D, D. (ed.), Proc. 3rd Ann. Conf. on Trace
Substance in Environmental Healths Univ. of Missouri,
Columbia, Mo., p. 274-287.
Stewart, 8., Viets, F e , Hutchinson, G., Kemper, W., Clark,
Fo, Fairbourn, M., and Strauch, F., 1967, Distribution
of nitrates and other water pollutants: U. S. Agri-
cultural Research Service, rept. no. 41-134, 206 p.
Stout, Po R«, and Burau, R. G», 1967, The extent and the sig-
nificance of fertilizer buildups in soils as revealed
by vertical distribution of nitrogenous matter between
soils and underlying water reservoirs, iri Brady, M.
(edo), Agriculture and the quality of our environment:
Am, Assoc, Adv, Science, Pub, 85, p. 283-310.
Texas Department of Agriculture, 1971, Runnels County Agri-
cultural Statistics: 2 p.
Trask, P» Do, and Patnode, Ho W», 1942, Source beds of pe-
troleum: Tulsa, Am u Assoc. Petroleum Geologists, 566 p.
U. So Department Health, Education and Welfare, 1962, Public
Health Service drinking water standards: Public Health
Service Publ«, no. 956, 6l p.
Van Riper, J • E., 1962, Man’s physical world: New York,
McGraw-Hill Book Co o , 637 p«
Wiedenfeld, C., 1970, Soil survey, Runnels County, Texas:
U. So Depto Agriculture, 60 p.
Winton, E. F., 1970, The health effects of nitrates in waters
Proco 12th Sanitary Engineering Conf., Univ. Illinois,
p. 40-46.
The vita has been removed from the digitized version of this document.
INDEX MAP
OF WATER WELLS
SUMMER, 1970
